0.002). The presence of C3c was found in the area of glomerular fibrinoid necrosis and in small arteries and arterioles with fibrinoid necrosis in 17 patients (P= 0.018). In conclusion, serum creatinine at presentation and focal C3c depositions in areas of glomerular and arteriolar fibrinoid necrosis were the best determinants of poor renal outcome, maybe underlining the pathogenic role of alternative pathway activation of complement system but also demonstrating the focal distribution of necrotizing lesions.
Pauci-immune crescentic glomerulonephritis (CrGN) is a necrotizing small-vessel vasculitis (SVV) characterized by the paucity of glomerular deposits staining for immunoglobulins (1) . The incidence of SVV is 9.5 to 17 per million per year (2) . Renal involvement is characterized by rapidly progressive glomerulonephritis, elevated serum creatinine, hematuria and mild proteinuria (3) . Serological findings include circulating antineutrophil cytoplasmic autoantibodies (ANCA)(4) detectable in almost 80% of patients. Most patients with CrGN have at least some constitutional signs and symptoms that raise the possibility of systemic vasculitis and approximately 75% have overt evidence for systemic vasculitis. If systemic signs and symptoms are lacking, these forms are called renal-limited vasculitis (RLV); in these patients glomerular lesions are indistinguishable from those seen in patients with systemic vasculitis, such as microscopic polyangiitis (MPA), granulomatous polyangiitis (ex Wegener's granulomatosis, WG) and Churg Strauss syndrome (CSS) (5).
Renal biopsy shows a CrGN with focal glomerular necrosis and extracapillary proliferation, in the absence ofsignificant deposition ofimmunoglobulins and complement (6) . In literature there are only few studies specifically focused on RLV, because these forms are usually evaluated together with systemic SVV (7) .
We examined clinical and histological features of patients with RLV, evaluating the role of these parameters in predicting renal survival.
MATERIALS AND METHODS
This retrospective study was conducted in Nephrology Unit of Sapienza University of Rome to evaluate association between renal outcomes, clinical variables and findings of renal biopsy at time of diagnosis and during follow-up. After approval by the Institutional Review Board and waiver of informed consent, patients were retrospectively identified who met criteria for pauciimmune CrGN (I). Patients included in the study had a diagnosis of pauci-immune CrGN without extrarenal manifestations at the time of diagnosis and during followup. The mean follow-up of patients with pauci-immune CrGN is 36±6 months. Clinical characteristics, renal data, and results of biopsy were obtained by chart review. Twenty-four patients (II female and 13 male; mean age 59.13) fulfilling pauci-immune CrGN criteria were enrolled in this study. Patients were followed from January 2007 to December 20 IO. None ofthe patients had received treatment with immunosuppressive therapy for at least 12 months prior to this study-point. After diagnosis was made, all patients received standard immunosuppressive therapy with steroids plus cyclophosphamide; nobody underwent plasmapheresis. Patients with cardiac failure, hepatic failure and lung diseases were excluded. Extrarenal manifestations of vasculitis at the time of diagnosis and during follow-up represent an exclusion criterion.
Clinical features
Patients' medical records were reviewed for demographics, clinical features, antinuclear cytoplasmic autoantibody (ANCA) specificity, parameters of renal function and outcome. Clinical presentation, 24 h proteinuria, urinalysis, serum creatinine level, serum complement, markers for hepatitis Band C, erythrocyte sedimentation rate (ESR), hemoglobin levels, blood pressure and blood glucose levels were recorded. Testing for ANCA was performed using both indirect immunofluorescence and antigen-specific ELISA at the time of presentation, before immunosuppressive treatment, and scored as cytoplasmic ANCA (c-ANCA) or perinuclear ANCA (p-ANCA).
Renal biopsy
Renal tissue was obtained by percutaneous needle biopsy. Tissue cores were received within 10 minutes from the time of biopsy and were divided in three portions for immunofluorescence (IF), light and electron microscopy. Multiple paraffin sections were stained with PAS, HE and PASM. All biopsy samples displayed at least 10 glomeruli and the mean number ofglomeruli examined was 21.86. IF was performed on 5 urn cryostat sections using polyclonal J'luorescein isothiocyanate-conjugated antibodies to IgG, IgM, IgA, C3, Clq, kappa, lambda, and fibrinogen. (Dako Corporation, Carpinteria, CA). The severity of glomerular lesions was graded semiquantitatively on a scale of 0 to 3 according to percentage of glomeruli involvement: 0 (absence oflesions), I (involvement ofl-30% ofspecimen/ total number of glomeruli), 2 (involvement of 31-60% of specimen/total number of glomeruli), 3 (involvement of 61-100% of specimen/total number of glomeruli). In addition we evaluated the following glomerular lesions: karyorrexis/fibrinoid necrosis, leukocyte exudation, cellular and fibrous crescents, segmental/global sclerosis. Tubular lesions evaluated were tubulitis and tubular atrophy while interstitial lesions were inflammatory infiltration and fibrosis. Interstitial fibrosis and tubular atrophy were scored semiquantitatively on scale of 0 to 3 according to the area of cortical tubules and interstitium involved: 0 (absence of tubular atrophy/interstitial fibrosis), I (involvement of 1-30% of cortical area/tubules), 2 (involvement of 31-60% of cortical area/tubules), 3 (involvement of 61-100% of cortical area/tubules) (8) .
Statistical analysis
All the results were expressed as mean ± standard deviation. Statistical analysis was performed with SPSS statistical software package (version 18.0; Chicago, IL). All data were tested to see if assumptions of normality held true. The assumptions of normality cannot be assumed within the data set particularly due to the small sample size, therefore non-parametric tests were used throughout. The Mann-Whitney U-test was used to test differences between two individual study groups. Kendall tau rank correlation coefficient and Spearman's rank order correlation were used to test for a correlation between two variables. Differences of qualitative results were compared using exact Fisher test. P-values <0.05 were considered significant.
RESULTS
We recorded 24 patients, 13 of them were men and 11 were women. The average age at onset of disease was 59.13 years (57.77 males, 60.73 females). All patients but one had hypertension and three of them had diabetes mellitus (DM). At time of diagnosis mean creatinine serum value was 5.12 mg/ dl. Proteinuria was found in all patients (mean value 2.7 g/24h) and in 7 cases (29.16%) it was >3.5 g/24h; the majority of patients presented microhematuria (23 patients, 95.83%). Over a 36±6 month period of follow-up, 41.67% of patients survived with independent renal function, although all of them had chronic renal failure according to KDOQI guidelines (9), while no renal recovery was achieved in 58.33% (5 patients died for infectious complications of immunosuppressive therapy and 9 remained dialysis-dependent). Of the 24 patients, 93.75% had severe anemia (average hemoglobin level 8.75 g/dl) in the absence of other possible causes, and 86.67% had elevated ESR. ANCA were positive in 66.66%, with a slight prevalence of p-ANCA, and negative in 33.33% of cases. Age, gender, hypertension, hemoglobin levels, 24h proteinuria and ANCA positivity were not correlated to renal survival. The best predictor of renal outcome in patients with RLV was serum creatinine at presentation; in our group, it was significantly higher in patients who had a poor outcome than in those who survived with independent renal function (6.3±2.47 mg/dl vs 2.84±2,01 mg/dl, P= 0.002). Histological scores like the percentage of normal glomeruli, sclerotic glomeruli, leucocytes exudation and crescents did not correlate with renal outcome. Tubulointerstitial involvement was observed in all the patients but it didn't reach statistical significance as prognostic marker. IF did not show significant immunoglobulins deposits, while the presence of C3c was found in the area of glomerular fibrinoid necrosis and in small arteries and arterioles with fibrinoid necrosis in patients who had a poor renal outcome (P= 0.018) (Fig. 1) . Because glomerular and arterial lesions are focal, foci of glomerular or arterial necrosis may be indentified only in the tissue by IF but not in the tissue by light microscopy. contradictory results (10) . Nevertheless, only few data specifically focused on RLV are available. In fact, of 173 patients with renal vasculitides enrolled in CYCAZAREM and MEPEX studies, only 19 had RLV (7).
The reason why sometimes the vasculitis are limited to the kidneys is still uncertain. Holmen et al. suggested that the disease process itself might specifically target a particular organ-specific vasculature (11) while Hoffman hypothesized that certain types of vasculature could have some unique characteristics that make them vulnerable to an immunologically mediated injury (12) . The fenestrated endothelium covered by a highly negatively charged glycocalyx is a specific and unique feature of the glomerulus. This characteristic could playa crucial role in capturing ANCA antigens and in local trapping of activated neutrophils, promoting local inflammation (13) . Most studies agree in demonstrating that the best predictor for renal outcome in ANCA-associated vasculitis is entry serum creatinine value: the higher the serum creatinine value, the worse the long-term renal prognosis (14) (15) (16) . Our results about RLV,regardless to ANCA positivity, appear to be in accordance to literature. No correlation between the amount of active lesions and renal survival was found. The lack of predictive value of this histological parameter is not completely clear. Active lesions are focal and diagnostic foci of them may not be identified in the tissue by light microscopy. Some authors suggest the possibility that histologically similar findings could be a heterogeneous group of lesions of which some are in a resolution process and others are going to become fibrotic irreversible lesions (13) .
At onset the majority of patients (93.75%) had severe anemia. Tubulointerstitial inflammation, found in almost all patients,. could be one of the factors playing a role in the genesis of anemia: in fact, peritubular interstitial cells are the primary site of erythropoietin production, and this function may be inhibited by cytokines production and subsequent tubular atrophy and interstitial fibrosis. Unfortunately, the plasma EPO level was not detected in our group (17) .
About prognostic value of ANCA positivity, the debate is still open (18) . In our study, ANCA positivity was not a prognostic marker. Even ifCrGN are characterized by paucity of immune deposits, we also evaluated IF findings. In the past, complement system was not supposed to play a role in the pathogenesis ofANCA-associated vasculitis (AAV), mainly because of the paucity of immunoglobulin or complement deposition in vessel walls in AAV as compared with immune complex disease and antiglomerular basement membrane disease. However, several studies showed a certain degree of immune complex deposition in skin lesions as well as in renal biopsies from patients with AAV (19 (21) . Therefore, as confirmed by Xing et al., in AAV complement activation is not rare and might be involved in the development of renal lesions (22) .
C3c deposition was detected by IF in 17 of our patients (70,83%), regardless of ANCA positivity or negativity. Moreover, the deposition of C3c in areas of glomerular and arteriolar fibrinoid necrosis were found mostly in patients who had a poor renal outcome compared to patients who maintained independent renal function (Table I ).
In conclusion, we present an analysis of 24 patients with RLV in which we evaluated the clinical and histopathological features as candidate predictors of renal survival. Entry creatinine serum level was the best clinical predictor of renal survival. It may seem an obvious consideration, but it is important to stress the relevance of early diagnosis and therapy before kidney damage becomes irreversible. Focal C3c depositions in areas of glomerular and arteriolar fibrinoid necrosis, were the best histological determinants of poor renal outcome, maybe underlining the pathogenic role of the activation of the alternative pathway of the complement system but also demonstrate the focal distribution of necrotizing lesions.
